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ABSTRACT 


Low altitude large scale reconnaissance (LALSR) has grown from a marriage of 
it has the capability of vertical high resolution recording of small areas for analysis = This 
volume is an attempt to pull all these disciplines together in such a way as to make LALSR 
@ useful tool to all who have the need for it It is not an answer to all reconnaissance 
problems, just another tool to use in the field 
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History and Background 


PART 1: INTRODUCTION AND BACKGROUND 


HISTORY AND BACKGROUND 





CHAPTER 1 


The earliest aerial photographs were taken 
from balloons, but it was not until the 
development of the airplane and World War | 
that the use of aerial photographs and the 
potential of aenal photographic interpretation 
gain the interest of the scientific community. 
One of the pioneers in the field of non- 
military applications of aerial photography 
was O. G. S. Crawford, the first 
Archaeological Officer of the Ordnance 
Survey in Britain. From Royal Air Force 
photographs take of Stonehenge in 1921, he 
was able to identify the presence of buried 
features associated with the earthworks 
recorded by William Stukeley in 1723. 
During the same year he presented his first 
essay on applying the evidence from aerial 
photographs to archeological investigations 





















of Celtic fields and their relationship to other 








capabilities since the early 1940s. In fact, in 
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some cases, terms such as scale, image 
interpretation keys, image motion, and detail 
producing capability have all but 
disappeared from the reconnaissance 
vocabulary. Ask inierpreters what the scale 
of the satellite imagery is and their answer 
will be, "Whatever scale you want." Further, 
they may wonder what scale has to do with 
the situation. As far as interpretation keys 
are concerned, they are now replaced with 
“field work and individual area examination 
with detailed notes." With regard to satellite 
imagery, we hear "there is no image motion." 
In detail-producing capability, some of 
today's imagery is measured in pixels and 


Optimum detail-producing capability was 
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Once again we are fast approaching the 
point at which these keys are again 
essential, and they must be developed by 
and for an individual discipline. Does it 
seem we have gone “full circle?" 


The advent of the satellite brought coverage 
of larger areas of the earth's surface. The 
smallest detail the satellite will produce is 
the pixel. This size is either 10 or 30 meters 
square in size at the earth's surface 
depending on which type of satellite ' " 
is being used. This imagery is »at iv. 
looking at plant communities, bi > for 
looking at individual plants and thei y. vwth 
problems. What about the detail within the 
pixel? 


Our "balloon" seems to have some flat spots 
on it along with bulges. Low altitude, large- 
scale reconnaissance, along with other 
image recording approaches yet to be 


developed, can be heipful in smoothing it 
out. 


What good is satellite imagery at a scale of 
1:400 that will only put 25 pixels on a 12 
inch-square photograph? Have we 
regressed to the point where we must 
because none are available for our 
respective discipline? If so, we had better 
take and share accurate notes. Can we now 
say that image motion is equal to the 
product of the scan rate and the scan angle? 
If not, then what good is the imagery? Let 
us use each type of imagery where it will be 
most beneficial: the satellite for large area 
coverage, NAP imagery for mapping and 
midrange coverage, and LALSR imagery for 
detailed high resolution coverage. 
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Low Alticude Large Scale Reconnaissance: 
reconnaissance (LALSR) aircraft, the results 


were much more successful (Figures 1 3 
and 1.4) 
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management constraints the RPV program 
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would heve to become the Brigham Young 


University approach to (Al SR 
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16 
Ultra ght Aircraft in Flight with Camera on Boars 
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Lew Alticude Scale 












Gate-ecquisition design (Figure 1.9) and 
flight system design (Figure 1.10). 


Note that the velocity and vibration criteria 
are mentioned in both data acquisition and 


Flight system design criteria. Velocity and 





































A. Large Scale A. Low velocity 
2 ae B. Small takeoff and 

altitude landing space 
D. Low velocity C. Portability 
E. Low vibration D. Low cost 
F. Low risk E. Low vibration 
G. Low impact 

Figure 1.9 


Data Acquisition 
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comparison is coverage of a single-unit 
dwelling, where as previous normal large- 
scale coverage is village or large-subdivision 
size. 


Although the cameras currently in use have 
not been calibrated, they have also provided 
images capable of producing one-third foot 
contour intervals using an H. Del Foster 
(HDF) plotter (Figures 2.1, 2.2, and 2.3). 
With proper surveying techniques. proper 
programming with the computer plotter, and 





@ qualified operator, it is possible to achieve 
good contour plotted results. 


At this point it should be obvious that large- 
scale imagery is dependent on high quality 
images, which in turn are dependent on low 
Three criteria are interdependent and can 
become a vicious circle when a research 
program on any one of the criteria is 
conducted. A critical examination of each of 
the criteria is needed individually to 
determine where the constraints are. 






































Figure 2.2 
Pueblo Bonito 


Contour Plot Produced Using Figure 2.1 as Part of a Stereo Pair 
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Design of the Data Acquisition System 





faster shutter speeds, but let a shutter speed 
tester be the guide to real shutter speed 
after the first forty rolis of film.). With the 
shutter speed somewhat fixed, the variables 
remaining in image quality are altitude 
(distance from the object), aircraft velocity, 
and vibration. 





equipment. Also, for most low-budget 
operations, such as archaeological digs, the 
cost of image motion compensation 
equipment is prohibitive. The best solution 
is slow camera velocity over the study 
area. 





Focal length 
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allows for additional design variation in 
which only the prime mission of the aircraft 
need be considered. Then the problem to 
overcome will be the vibration caused by 


aerodynamics and the power plant. 





35mm 70mm 
film film 


PALF 


Velocity 











Visual Blur 











Figure 2.5 


parallel to the fuselage length), the airframe 
itself, the camera mount, and mechanical 















SYSTEM DESIGN 










CHAPTER 3 
With any seems aircraft with a camera payload. After eighty 
to play a come years of trying to make aircraft fly faster and 
when you doing higher, there was a need to fly slower and 
this, have there 
are those This 
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that of the aircraft, so stability is essential for 
quick recovery. 


The following parameters became 
necessary as design considerations for this 
type of aircraft: 


1. Aspect ratio (wing efficiency). 
2. Airfoil! (lif). 

3. Aeroaynamic drag (velocity). 
4. Wing dihedral angles (stability). 
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A few aerodynamic calculations were made, 
and a large wing area with a thick, flat- 





demonstration, 


LALSR 
operations have been flown from the highest 
ground level of 9200 feet ASL to the lowest 
ground level of 80 feet ASL. 


B. Small Take-off and Landing 
Space 


Many involved in field research and survey 
do not have the luxury of having a flying field 








essentially a zero-length runway. Hand 
launching is relatively simple, especially with 
the Butterfly aircraft--so much so that all 
camera flights are now hand launched 
(Figures 3.1 and 3.2). This type of launch 
alsu tends to keep the camera lens cleaner. 
A favored approach to hand launching has 
been to finish the checklist and set the 
power plant at idle, then pick up the aircraft 
and face it into the wind, holding it straight 
and level. Have someone hand you the 
radio, advance the throttle slowly, and when 
full power stabilizes, run forward with the 
aircraft until it rises out of your hand. It is 
more difficult than it sounds, but it becomes 


quite easy with practice. 




















Figure 3.1 
Hand Laur 2h of Butterfly Aircraft 


Landing an aircraht of the Butterfly or 
Telemaster size is not difficult, but it should 
be remembered that « tree or tall grass is 
usually better for landing than a rock pile or 
a rough road (Figure 3.3). Safe landings 
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D. Low Cost the same as the kit 

since the control 

Low-Dudget constraints slated § the are usually not 
development of LALSR. After quality, cost transferred to the new 
ranks second on the priority list in most low. , when airframe 
budget programs. To get into LALSR, one becomes unavoidable because 
must buy the needed materials at a local of the environment, the SRPV still 
Butterfly was built to test LALSR 

ideas and still in flying condition 

with over on the airframe. The 
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has also been used in similar situations by 


surveyors and agricultural and animal 
researchers. in terms of cost, this type of 











operation is probably the least expensive of 
any type of airborne reconnaissance. 

Butterfty ti Lelemaste; 
$ 64.00 $159.00 
33.00 62.00 
35.00 150.00 
200.00 200.00 
250.00 340.00 
30.00 30.00 
$612.00 $941.00 
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problems. Because of the size and weight 
involved, it is recommended that 
transportation of the equipment be totally 
enclosed, adding to its protection. Yet even 











G. Low impact 
For most RPV flights, no changes have to be 







operations. Fuel is in most cases is a 
renewable resource and is not fossil-related. 
Normal fuel consumption does not exceed 
six ounces for the longest of flights. A fully 
loaded Butterfly consumes less than six 
ounces in forty minutes. One advantage of 
this system, as expressed by the National 
Park Service, is that the RPV can be brought 
on site, fly, expose photographs, land, and 
leave the area with no signs of having been 
there 
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CHAPTER 4 
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Considerations to Reduce image Motion 
Effects on Photos are considered essential 
references for the serious researcher Any 
recommended film data book would be out 
of date within a year because of the rapid 


changes taking place in the film 
manufacturing industry. Even the camera 
industry is rapidiy changing 
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Construction Techniques 





























if you decide to build the Butterfly aircraft. 
you will need the following list of items to 
complete your project 
1 Dynefite Butterfly kit 
in buliding or flying, then it may be advisable 1 Five-Channei model aircraft radio 
to start with the Butterfly, because it is easier contro! set (Appendix B) 
to build is also an 1 0.15 or 0.20 model aircraft engine 
excelent of 1 Glo-plug 
flying. and 1 Prop and spinner to match engine 
meintenence the 1 Radial engine mount to fit the engine 
Tetemaster the 4 4-40 x 3/4" screws with T-nuts 
Telemester i you 1 4 ounce slant tank 
have wil 2 2-1/2" wheels 
then 4 5/32" wheel collars 
your 2 Rolls Monocote covering. 

















B. Tools 


Hee 


TH tf nit “i 


- 
Hit Ht , 








iF 
iy 
cf 
ts 








Figure 6.1 
System 
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1 
2 2"x 3" x 4" wood blocks (Figure 5.4). 


The fuselage jig (described Chapter 6, 
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There are also construction which, 
cine ein, no neater eating abet 
and are elther used up or wom out during 








Construction Techniques 





1 Small bottle pink Zap 
1 Small bottle green Zap* 
1 Bottle rubber cement. 


If you have had no experience with model 
construction, it would be helpful to study the 
first few chapters of the RCM Flight Training 
Course. Keep notes on all you do. This will 
help prevent problems. You may also ask 
for help from your local hobby shop. 


D. Butterfly Construction 


Next, set up a work schedule and stick witt 
it step-by-step. Working in two-hour blocks 











1 Notebook for notes seems to te most beneficial. if you are 
6 Ounces Titebond give building @ Butterfly, for example, the 
2 Ounces 5-minute epoxy following sequence is a good one. 
Construction Steps 

1. Layout, reading instructions 12. Fuselage construction 

2. Tail parts construction 13. Trigger construction 

3. Wing construction 14. Camera mount construction 

4. Wing construction 15. Accessory installation 

5. Wing construction 16. Varnish and cover 

6. Center sper gluing 17. Varnish and cover 

7. Wing construction 18. Varnish and cover 

8 Sanding 19. Finish construction 

9. Hinging and contro! horns 20. Finish construction 

10. Fuselage construction 21. Radio check, controls, and taxi 

11. Fuselage construction 22. Flight test 























7-1/2x4-3/4x1/4 Balsa Bulkhead 2 
4-11/16x4-1/2x1/4 Plywood Bulkhead 1 
5-1/4x3-1/4x1/4 Plywood Landing gear mount 
6-3/4x1/4 dia. Birch Hold down dowel 
9-1/2x5-1/6x3/6 Balsa Fuel tank hatch 
18x3/8x3/16 Spruce Side reinforcement 
5x5-1/4x1/16 Plywood Camera port 
5-1/4x3/8x 1/4 Balsa Camera port 

10X1/8 ID Surgical Camera port 


tubing 


geen easen=- 
— AD —~— AD ~@ AD <s «* «* ot 


*Two part eights and two part tens will be needed when the aircraft is to be fitted for 









































are followed siep by step. Part 7 replaces 

mount will fit better on the aircraft if you build spruce stringers of the 
fuselage between 2 and 3 (see 
Tetemaster 48). They 
are glued to fuselage and 
tapered the inches on both ends 
(Figure 5.6). They go from three inches 
before bulkhead 2 to three inches behind 
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Construction Techniques 





back of the landing gear plate between the 
two BOTTOM STRINGERS. Glue one of 
these cross pieces against the back of the 
landing gear plate. Glue the camera port 
plywood to the bottom of the BOTTOM 
STRINGERS and the cross piece so both 
the port plywood and the cross piece are 
against the landing gear plate. Once the 


fuselage is dry, glue the other 1/4" x 3/8" 
cross piece on the inside of the camera port 
flush with the rear of the plywood part of the 
port. Add the center BOTTOM STRINGER 
so it will butt glue to the center of the back of 


the camera port plywood and cross piece." 
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Figure 
Photo of Camera Port from Outside the Fuselage 


A hole must be cut in the camera port 
plywood for the camera lens. You may do 
this either before or after the camera port 
plywood is glued into place. It needs to be 
cut so that the camera will fit in the fuselage 
at near equal distances from either side of 
the fuselage and so that the center of gravity 
(CG) of the camera is at the center (front to 
rear) of the camera port plywood. Yes, the 
center of the camera port plywood should be 
aligned with the CG of the aircraft. The 
diameter of the hole should be such that the 
Clearance between the camera lens and the 
hole is as close to 3/16" as possible. Once 
the surgical tubing has been put in place, 
this clearance is slightly less than 1/8". After 
covering the aircraft, the surgical tubing is ut 
in place as follows: 











1. Remove covering from the hole and 
seal Monocote over the edge with 
the Monocote iron. 


2. Slit the tubing lengthwise with a pair 
of scissors or a razor biade. 


3. Start at the left rear (225° position 
as viewed from above) of the hole 
and force the tubing onto the rim of 


the hole (Figure 5.9). 


4. After the tubing has been slid onto 
the rim all the way around, cut it off 
about 1/8” too long and force it into 


position. 


5. Very lightly, put a drop of Zap glue 
on the joint of the tubing, and roll the 
fuselage around so the give will run 

under the tubing all around the hole. 

The tubing needs to be soft (do not 

fill with giue or it will become hard). 
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Figure 5 9 


Surgical Tubing in Camera Port 


if you occasionally fly the Telemaster without 
@ camera inside, it would be advisable to 
consider a cover for the camera port This 
can be accomplished with a lens cap and 
masking tape, or a 1/32" plywood cover. 
The cover is made by concentrically gluing a 
1/32” plywood disc 1/4” larger in diameter 
than the camera port to a disc just smatier 
than the port diameter A hole is then drilled 
in the center of the disc and a small wood 
screw pushed through and screwed into 
another strip (1/2" wide x 1/4" longer than 
the cover diameter) of 1/32" plywood. The 
strip is slid up through the camera port, and 
the wood screw is then tightened to hold the 
cover in place (Figure 5.10). 
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RCM Flight 
Chapter 14). tuning, 
accomplished with lead 
(Figure 
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the wing in line with the center of gravity of 
the aircraft. Weight is then added to the 
nose or tail until the aircraft is level, As you 
progress through the camera mounting. you 
will use this jig several times to ensure that 
the aircraft remains in balance 


With the large wingspan involved. i is 
necessary to balance the wings spanwise so 
that the aircraft does not fly in circles or with 
one wing low. The camera in the aircraft will 
not be vertical to the ground with the wing 
out of balance or with one tip lower than the 
other. Figure 5.11 shows the wing on the jig 
ready to be balanced. When the jig is at the 
center line of the wing, both wing tips should 
be the same distance above a level surface 
Lead shot can be glued into the wing tips to 
bring about this balance Once balance has 
been achieved, it is time to test fly the 
aircraft (see RCM Flight Training Manual 
and Chapter 10). 
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to perform best, check the following before 
each flight: 


1. Cover the external part of the auto 
focus system with black tape. 


2. Make sure the auto exposure 
system is open so the camera can 
read the area in front of the 
camera. Remember, in this case 
the front of the camera looks down 


from the airplane. 


3. In order to obtain the maximum 
shutter speed in most automatic 
cameras, the exposure value (EV) 
needs to be at least 16. This 
means using a film speed of iSO 
200 on an average sunny day. 
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lens cover is closed or the camera contro! 
cable is not hooked up. Just about any 
camere of this size and type will work with 
the Butterfly and its mount, but the maximum 
weight allowable for camera, film, and 


batteries is 400 grams (14 ounces). It may 
be necessary to have a camera craftsman 
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rudder contro/ at the start of a turn, 
and then a more rapid reaction 
once the tum starts. Recovery 
from the turn is quite rapid. 
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Learning to fly with these changes can be 





vibrate. A .15 to .20 engine gives plenty of 
power for this aircraft in the slow speed 


range and provides for optimum imagery. 


A. Building the Mount 


The camera mount plans are at the end of 
this chapter, along with the list of materials. 
Best results are achieved with the 
recommended material. The points at the 








from and rear on the side of the mount are 
critical for vibration dampening. Do not alter 
the 12-inch distance between them more 
than 1/4". Keep the rear point as pointed as 
possible without i becoming a safety 
hazard 


Cut the mount with a sheetrock knife and 
metal ruler (Figure 6.1). Glue the entire 
mount together with cyanacrolate give (filled 
type) except the rear cross-brace Glue it 
with Titebond. Fit and clamp closely so that 
the glue will work properly. Coat the mount 
with three coats of polyurethane varnish 
inside and out to finish it. Use a piece of 
Monocote to cover the space between the 
mount bottom and rear cross-brace (Figure 
6.2). Install the four grommets and give the 
bottom sponge (spider foam) in place with 
foarn glue. Place all other pieces of sponge 
around the camera each time it is installed in 
the mount (Figure 6 3). 








At this point glue the bottom sponge onto 
the spider foam which has already been 
glued to the bottom of tive wood part of the 
mount. Gray spider foam is the 1/4” light- 
density foam that is used for packing 
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Figure 6.3 
Camera in Mount with Sponge 


With camera and sponge in place, determine Place the dowel flat side down on a table 
the center of gravity of the camera mount. and move the camera mount across the 
This can be done by using a 6" long 3/4” dowel until the mount balances. Mark the 
diameter dowel sanded flat on one side. point at which the mount and the dowel are 


a 
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in contact with each other (CG) on both all around the drill mark for the hole for the 
sides of the mount (Figure 6.4). Place the well nut. Drill the holes to fit the well nuts 
mount on a flat table and mark a vertical line snugly. The forward well nut holes should 
with a triangle along each side of the mount be in the fuel tank compartment. Cut out 
(Figure 6.5). wood washers to fit on the well nuts on the 


B. Center of Gravity Alignment they will fit inside property Glue these 


Mark the Center of Gravity of the Butterfly on _nuts into the fuselage (Figure 6.9). They will 
each side of the aircraft. Draw a line at right 














protrude 
angles to the wing saddle down each side of fuselage the camera 
the fuselage. Tape the camera mount on mount. The opening for the camera 
the bottom of the fuselage. The lines on the operating plug in the fuselage can be drilled 
side of both the mount and aircraft should in the bottom or left side near the rear of the 
meet at the bottom of the fuselage, at an mount away from the exhaust side of the 
angle of 6° to 7° (Figure 6.6). This levels the aircraft. It should be just large enough for 
camera during flight. The fit between mount the plug to be forced through. Hold the rear 


and fuselage should be firm but not too tight. sponge 
Use a V8" drill to mark through the grommet Chapter 8) 
onto the side of the fuselage. Remove the release 
camera mount and make sure there is room from the mount. Next place the top sponge 




















Figure 6 4 
Marking Center of Gravity (CG) on the Side of the Camera Mount 
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and mount up onto the bottom of the 
fuselage. Seoure the mount to the airplane 
with a #6-32 screw through each grommet 
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aircraft. Start up the engine and run it at 
cruising rpm. Put the probe of a mechanic's 





(4) into a well nut, and soft-touch tighten 
them (Figure 6.10). The aircraft is now 


of eraser contact that reduces the sound in 
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Figure 6.5 
Vertical Line at the CG on the Side of the Camera Mount 























Figure 6.6 
CG Lines Meeting on the Side of the Camera Mount and 
the Side of the Fuselage at 6° 
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Figure 6.9 
Pulling Well Nuts Through Fuselage 
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Figure 6.10 
Mounting Screw Through Grommet and Camera Mount into 


the Well Nut with the Mount in Place 
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Figure 6.12 
Drawing of the Camera Mount and its Parts 


D. Materials Needed 
Piece 1/8" x 3-5/16" x 6-7/16" lite 


plywood 

Piece 1/8” x 3-5/16" x 4-1/16" lite 
plywood 

Pieces 1/8” x 3-5/6" x 1-1/2" lite 
plywood 

Piece 3/16" x 3/8" x 3-5/16" spruce 


Pieces 1/16" x 3-1/2" x 12” birch 


plywood 

Piece 26” x 3/8" balsa triangle stock 
Pieces 1/8" Lite plywood 1/2” square 
(well nut washers) 

Rubber grommets to fit in 1/4" holes 
#6 rubber well nuts 

#6-32 screws, one inch long 

Piece Goldberg latex sponge 1/2" x 3- 
1/4" x 6-1/4" (cut out for camera lens 
to match plywood) 


1 Piece Gray spider foam 1/4” x 3-1/4" x 
6-1/4" (cut out for camera lens to 
match plywood) 

1 Piece Goldberg latex sponge 1/4” x 3- 
1/4" x 6-1/4" (top sponge) 

2 Pieces Goldberg latex sponge 1/4" x 1 
1/4" x 5-1/2" (side sponges) 

1 Piece Goldberg latex sponge 1/2” x 1" 
x 3" (rear sponge) 





All Goldberg foam pieces can be cut from 
one sheet of 1/2" and one sheet of 1/4" foam 
of the size sold in hobby stores. 
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2" long 1/4" soft pencil eraser 
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TELEMASTER CAMERA MOUNT 


CHAPTER 7 


The camera and its mount are totally 
enclosed in the Telemaster aircraft fuselage. 
Only the front of the camera lens protrudes 
from the bottom of the fuselage about 1/8" (if 


a haze filter is used). This applies to any 











foam (2° x 2" x 4-1/4") in the back part of the 


camera and servo compartment. This piece 
of foam should be able to float free and is 
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side, the least dense on the other, and with 
the medium density in the middie (Figure 
1). the adhesive sparingly and allow 
to dry before sticking the pieces 
. Also be sure the adhesive you use 
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in such a way that the camera fits 
the rest of the sponge (Figure 7.2) 
the lens protrudes into the foam. This 
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Next, cut a space from the less dense foam 
(1/2") to allow the penta-prism of the camera 
to float free of the foam (Figure 7.3). The 
final cut will allow the motor drive room to fit 
without compressing the foam. It is cut from 
the same side of the foam as the penta- 
prism cut (Figure 7.4). Now give ail the foam 
a four-hour sun bake; that is, place each of 
the camera mount pieces of foam in bright 
sunlight for four hours. This seems to soften 
the foam a bit and help attenuate vibration. 
Then you are ready to place the foam and 
camera into the aircraft and test your mounting. 











Figure 7.1 
Gluing of the Three 4” x 6" Pieces of Foam 








Telemaster Camera Mount 




















Figure 7.2 
Center-cut Hole in the Three-piece Foam 
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Figure 7.4 

















Final Cut on 4” x 6" Foam 


B. Loading, Fitting and Flying 
It is assumed that the Telemaster has been 



























surgical tubing of the lens opening. Hook up 
the trigger (Chapter 9) and turn on the 
camera motor drive. You may also want to 


test the trigger circuit before going further. 
Push into place the two pieces of foam 
which were cut to fit between the sides of 
the fuselage and the camera top and 
bottom. Place the 1" x 4-1/2" x 5" piece of 
foam between the servos and the camera. 
Place the 1" x 4" x 6" piece of foam on the 
side of the camera that is toward the nose of 
the aircraft. Use a couple of pieces of 0.7-Ib 
foam to fill in the space between the front of 
the camera foam and bulkhead 2. This must 
be trimmed and fit on assembly. It should 
be fit to stop camera movement, but it 
should not be too firm. Place the 1" x 3-1/2" 
x 5" piece of foam on the camera back and 
tuck it to fit where necessary. Then lay the 
trigger circuit on top of the foam (Figure 7.6), 
and place the 3/4” x 4-1/4" x 6-1/4" piece of 
foam on top of the trigger and above the 1” 
x 3-1/2" x 5" foam (Figure 7.7). 








Telemaster Camera Mount 




















Figure 7.5 
Taped Lens 











Figure 76 
Camera Mounted in Sponge with Trigger Circuit in Place 
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Now plug in the aileron servo, put on the and printed. Check the imagery for 
wings with bands, and align the sharpness with a magnifier. if you have a 
wings. Check the center of gravity to make measuring magnifier, measure the target 
sure it is still where it should be. if it is not in length and width on the film (Chapters 11 
the proper place, then balance the aircraft and 13). If the length-to-width ratio has not 
before you fly it (Figure 7.9). Follow your Changed, then any blur you may have is due 
checklist (see Figure 10.9) to get the aircraft to vibration, not motion. If the camera did 
into the air. Do not forget to remove the lens not touch the fuselage of the aircraft, and 
cap before takeoff. Make a few higher there is still vibration, then it could be due to 
altitude passes (600 feet) while trimming for smooth spots along the narrow dimension of 
the slowest speed. Then make a the “front of the camera” sponge, close to 


flight 
couple of passes over a fairly high-contrast one of its comers. Picking off a corner of the 
expose the roll of sponge that is closest to the smooth side willl 


and 
film. After landing, get the film processed usually cure this problem (Figure 7.8). 




















Figure 7.8 
Picking Off a Foam Corner 


Nothing has been said about the vertical 
placement of the camera with respect to the 
ground for the Telemaster, as it was with the 
Butterfly. This is because the angle of 
attack of the wing and the slope of the floor 
board (camera port) leave the camera level 
in flight if the sixteen-ounce tank 
recommended for the aircraft is at least half 
full. This allows twenty-five minutes to 
complete a photographic mission with the 
original Telemaster that was built for LALSR 
work. 


C. Oblique Mount 


Only one additional piece of foam is needed 
for the oblique mount on the Telemaster. It 
is @ 2" x 4-1/2" x 8-1/4" 0.5 pounds per cubic 


foot piece of gray foam for cutting an 


interface angle to depress the lens so it does 
not photograph the wing tip of the aircraft. 
This depression angle is just under fifteen 
degrees; however, it can be increased by 
cutting a larger angle in the gray foam. Two 
different angle sponges have been cut for 
use with the original LALSR Telemaster. 
These are fifteen-degrees and twenty-five 
degrees. Therefore, whatever angle you 
need within the limits of the aircraft is 
measured along both the 4-1/2" sides of the 
foam (Figure 7.10). Cut the piece of foam in 
two and glue it in the shape shown in Figure 
7.11. When the glue is dry, place the foam 
in position in the fuselage and mark the lens 
opening on the foam through the oblique 
camera port (Figure 7.12). Remove and cut 
out the lens opening. Now cut out space for 
the camera penta-prism and motor drive (the 
same as for the vertical mount sponge). 
Then cut off the excess sponge from the 





















forward end of the vertical part of the sponge 
mount (that which does not have a camera 


The load on the oblique-positioned camera 
is not the same as in the vertical position; 


that is why the gray foam is used. To use 
the camera in the aircraft for oblique 
photography, go through essentially the 
same routine to load, set the exposure, tape 
the lens, and hook up the trigger. Place the 
Oblique lens foam on the front of the camera 
and set it in place in the aircraft (Figure 
7.14). Position the camera so the lens does 
not touch the surgical tubing. Place the two 
pieces of 1" x 3-1/2" x 6" foam together and 
between the opposite fuselage side and the 
camera back. Place the 1" x 4-1/2" x 5" 
piece of foam between the servos and the 
camera. Place the 1" x 4" x 6" piece of foam 
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next to it). The end product should look like 
Figure 7.13. 


on the side of camera toward the nose of the 
aircraft. Use a couple of pieces of 0.7 pound 
foam to fill in the space between the front of 
the camera foam and bulkhead 2. This must 
be trimmed © J fit on assembly. It should 
be fit to stop camera movement, but it 
should not be too firm. Place the 1" x 3-1/2" 
x 5" piece of foam on top of the camera and 
tuck it to fit where necessary. Then lay the 
trigger circuit on top of the foam (Figure 7.6) 
and place the 3/4" x 4-1/4" x 6-1/4" piece of 
foam on top of the trigger and the top of the 
1" x 3-1/2" x 5" foam (Figure 7.7). At this 
point, the aircraft is ready for testing. Good 
luck! The results should be surprising and 
exciting. 
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Piece 1" x 3-1/2" x 6” 0.7 ib foam 
(top and bottom of camera, 
fuselage sides) 

Piece 1" x 4-1/2" x 5" 0.5 ib foam 
(rear of camera mount, towards 
tail) 

Piece 1" x 4" x 6" 0.7 b foam 
(front of camera, towards nose) 


Figure 7.14 
Oblique Mount and Camera in Position 
D. Materials Needed 1 Piece 1" x 3-1/2" x 5" 0.5 lb foam 
(top, covers camera back) 
1. Vertical Mount 1 Piece 3/4" x 4-1/4" x 6-1/4" 0.7 Ib 
| foam (covers top sponge) 
1 Can sponge spray adhesive (very 1 Piece 2" x 2" x 4-1/4" 1.2 ib foam 
little is needed) (floating behind camera and under 
1 Piece 1" x 4" x 6" 0.9 Ib foam servos). 
(front of camera) 
1 Piece 1" x 4" x 6” 0.7 Ib foam 2. Oblique Mount 
(front of camera) 
1 Piece 1/2" x 4" x 6" 0.5 ib foam Piece 2" x 4-1/2" x 8-1/4" 0.5 Ib 
(front of camera) gray foam (for cutting interface 


angle). 
E. Tools Needed 


Electric slicer or long pair of 
scissors 


Mechanic's stethoscope. 
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question sent one of the instructors of this 
team-taught class back to the drawing 
board. 


A. 11.9 inches 
Five years ago, it was determined that the 
critical dampening length in wood from an 


5,000 to 7,000 revolutions per minute is 11.9 
+ 03 inches. This is not the critical 





secondary vibration that was as bad in 
magnitude as the 6,000 cycle vibration. 
Inasmuch as a reinforcement is needed on 
both sides of the camera mounting area. 
further tests revealed that placing these two 
strips at an angie of more than 10° 
eliminated this secondary vibration This 
creates a semirigid fuselage compartment 
around the camera. 


Therefore the following instructions were 
given to students who wanted to try mount 
their cameras inside the Butterfly fuselages: 
“Before gluing your fuselage sides together, 
epoxy a 12-inch long strip of 1/8-inch wide 
carbon fiber along the inside of each side of 
the fuselage in the compartment area Make 
sure each strip is not parallel to the strip on 
the opposite fuselage side. Cut your 


bulkheads to be at least 3/8-inch wider than 
the width of the camera you are using. Sand 
@ small groove on each edge of the 
bulkhead with an emery board so the carbon 
fiber will fit through it and the bulkhead will fit 
tight to the fuselage side" See Figures 8 1 





standpoint, it was determined that an 11.9 
inch length of 1/8-inch-wide graphite epoxied 
on wood worked better than the other 
materials we tested to dampen this particular 
type and frequency of vibration it was 
further discovered that running two of these 
strips paratiel to each other induced a 
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Figure 6.1 
Fuselage insides Prior to Assembly, Showing Carbon Fiber Strips 




















Figure 6 2 
Fusetage After Assembly Showing Carbon Fiber Strip Running 
Under the Bulkhead 
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Figure 8 3 
Four Different F uselages Built from the Same Set of Calculations 


B. Performance 


"Phenomenal was the word used to 
describe the performance of the first flight of 
the new fuselage with the standard Butterfly 
wing. The aircraft took off from a soft sandy 
beach and climbed to just over 600 feet in 
under 50 seconds it has a sink rate that 
makes landings very long and siow 
Because of the siow sink rate when empty. 
this fuselage has not flown without a camera 
or other ballast since the first flight It was 
nicknamed the UU. because of its unusual 
performance. it has flown with up to 25 
ounces of ballast with little or no effect on its 
performance its forward velocity is about 
the same as or slightly slower than the 
standard Butterfly This machine has now 
been used very successfully to fly several 
reconnaissance flights it is fast replacing 
the standard Butterfly and is now itself being 
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version of itself called the UU-2 








development of this newer aircraft was 
spurred by student comments and 
suggestions about the periormance of the 
UU. The UU-2 has the sarne power as the 
UU, a longer wing span (105 square inches 
more wing area), and a wider fuselage to 
hold a camera with a 1/2000 of a second 
shutter speed The performance of this 
machine is slightly better for LALSR than the 
UU. The biggest advantage to the UU-2 is 
the fast camera shutter speed, which 
delivers a 0.21-inch image motion (IMP) 


capability during exposure 


C. Resultant Design Changes 


1 Fuselage Changes 


The fuselage width of the UU is 9/16 of 
an inch wider than the standard Butterfly 
to accommodate internally the Ricoh FF 
series cameras being used with the 


Butterfies. The fuselage height is 
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increased 1-7/8 inches to allow the 
camera to fit at a lower level in the 
compartment than the servos. A camera 
viewing hole is cut in the bottom of the 


at was in the old mount (Figure 8.4). 
The fuselage width of the UU-2 is 1-1/4- 





102 ounces; the UU and the Butterfly 
weigh 84 ounces. 





Page 63 














During the past five years there have 
been problems with deterioration of the 
black plastic on the transmitter cases of 
the radios used with LALSR. Most of this 
deterioration is due to solar ultra-violet 
radiation, and with the increase in the 
amount of this black plastic in most of 
these radios, there was a need to find an 
all metal transmitter case; therefore, a 
radio was purchased from Ace R/C in 


case that should handle the environment 
better than plastic. This radio unit has 
performed very well so far, and takes the 
rough treatment involved with LALSR. 
During the spring at a field workshop at 
the Pinion Canyon Maneuver Site, a 
discussion was held about the console on 
the transmitter and how it could be better 
designed for LALSR. As a result Ace R/C 
was contacted, and with its help a new 
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5. Radio Changes 





console was designed that seems to work 
better, especially with camera triggering 
(Figure 8.6). To date both the UU and 
UU-2 have flown only with Ace radios. 


6. Power Plant Changes 


During the time that the development of 
the new aircraft was taking place, testing 
of four-cycle power plants was also being 
accomplished for other reasons. The 
vibration frequencies of both two and 
four-cycle power plants are about the 
same at the cruising velocity of the UU 
and UU-2. The amplitude of this vibration 
is smaller with the four-cycle power plant, 
and this lower amplitude makes sponge 
design much easier in terms of thickness 
and compression. The power pliant tested 
and later used on all flights of both the 
UU and UU-2 thus far has been an OS-26 
four-cycle model engine. The results are 
obvious in the imagery. 




















Figure 8.4 
Top and Under Views of the Ricoh FF-90 Mounted in a UU Fuselage 
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D. Result of UU and UU-2 Flights 


The first flight of a UU-2 with a camera on 
board and the long wing was on August 19, 
1991. The following are excerpts from the 
flight log: “The UU-2 was flown with a KR- 
10m camera, and the long wing. The results 
were quite surprising. Flight characieristics 
were not as difficult as expected, ana rate of 
climb was better than anticipated The 
imagery was phenomenal, to say the least. 
Cracks from a dry lake bed were very visible, 
along with gold lettering on a green folder 
through a glass window (Fuji Neg. Film, iSO 
100) in an automobile” (Figure 8.7). On 


September 16, 1991, a lava dike in the 
Staircase region at Capitol Reef National 
Park was photographed with amazing 
results, and “the total effect will require 
comparison with USDA imagery.” The 
imagery comparison can be seen in Figures 
8.8 and 8.9. 


These two aircraft have good stable flying 
characteristics. They can be easily hand 
launched when needed and are as portable 
as the Butterfly aircraft has been. Plans for 
the two aircraft and a thirty-page set of 
building instructions are available. 














Figure 


87 


Photograph of the Test Target Area During the First Flight of the UU-2 Aircraft 
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Figure 6.6 
image of a Lava Dike at the North End of Capitol Reef National Monument 














Figure 8.9 
USDA imagery of the Same Area as Figure 8.8 


(Figure 8.8 covers the area along the dike 
between the arrow points. The road crossing the 
dike is visible in both photographs ) 
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CAMERA SWITCHING SYSTEM 


CHAPTER 9 


Many people take care to design mounts to 
isolate their camera from vibrations in their 
aircraft, and then reintroduce vibration by 
using rigid linkages. Most of the camera 
systems | have seen in radio control model 
aircraft are mechanically triggered by a rod 
of some type, which puts pressure on the 
shutter release. This mechanical linkage 
carries vibration through the control system 
and on into the camera. These 


which further add to the vibration problem. 
Vibration of any magnitude in a camera will 


degrade the image. 


if a camera is properly mounted and 
isolated, it should be able to record (resolve) 
@ one-inch width at an altitude of 500 feet. 
This is near the grain limits of film and the 
optical limits of most 35 mm cameras. it 
also means that 20-diameter enlargements 
should be possible from your Kodachrome 
and Kodacolor negatives -- 20" x 30” prints 


via Kodak's Poster Print Program can be 
beautiful and biur-free. 


The solution to mechanical linkage systems 
is provided by an electronic trigger. A small, 
soft coax cable will transfer considerably 
less vibration than most other devices. A 
coax cable has little rigidity, and most of its 
bulk is shock-absorbing. Every day, more 
and more autowind cameras are being fitted 
for electrical cable releases, and a good 
camera repairman can modify most earlier 
models at minimai cost. 


Making an electronic trigger is quite easy, 
although both the camera and R/C circuits 
must be isolated. Initial tests with cameras 
Caused some nasty induction spikes which 
affected both the cameras and the servos. 
With our present circuit we have not had a 
failure or glitch with cameras, servos, or 


radio systems. 
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Reciever anon A 
—_ 
connector Ace 42D!11/ + _ 
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- 1N4001 , 
Harness 
Camere Coex 
Plug eo S— 
Figure 9.1 
Trigger Circuit Diagram 


The circuit schematic and construction 
procedure is outlined in Figure 9.1. 
construct the radio-operated switch, do the 
following; 


1. Slide a 1/2" piece of small-diameter 


shrink tubing onto each of the wires 
on the Ace switch. 


. Solder the three wires on the wire 
harness to their corresponding 
color wires on the Ace switch--red 
to red, black to black, etc. Slide the 
shrink tubing over the solder joints 
and shrink into position. 


. Solder the two output wires to the 
relay socket pins that will connect 





to the relay coil. 


To 




















Camera Switching 

















Figure 9.2 
Completed Trigger System 


To test the circuit, plug the harness into the 
receiver (Channel 5) and the mini-plug into 
the camera. Turn the radios on, open the 
lens cover of the camera, and flip the gear 
retract switch. The camera should operate 
each time the switch is operated through a 
cycle. Our transmitters have had the retract 
switch removed and ai =mini-SPDT 
momentary switch put in its place. The word 
“gear” as used in this book means "camera 
gear." 


Brigham Young University has been using a 
Ricoh FF-90 Super-D and a Ricoh KR-30SP 
for its aerial photographs. They have been 
very reliable despite the beating from the 
environment in which we work. Sometimes 
a tree has been the best landing field. The 
trigger system has also been tested on 


For those who use auto-focus cameras, 
such as the Ricoh FF-90 Super-D, a piece of 
black tape over the front of the viewfinder or 
autofocus device usually sets the focus at 
infinity. Tie motion of the ground, even as 
far away as 400 feet, will sometimes confuse 
the auto-focus mechanism and cause focus 
problems. The tape helps avoid this 
problem. 


The following items were used in the circuit 
construction: 


Wire harness and connector to fit your 
receiver 

Ace 14G10 switch 

Radio Shack relay 5V #275-243 

Radio Shack 14 -pin socket #276-1999 

Radio Shack diode 1N4001 #276-1101 

Radio Shack mini plug #274-289 

Radio Shack shrink tubing package #278- 
1627 
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8-inch length of small soft coax cable to fit 
the mini plug 

Two short lengths of lightweight insulated 
wire 


hookup 
Radio Shack SPDT momentary switch 
#275-619. 


The last item is needed only if you want to 
modify your transmitter for easier operation. 


(This chapter was originally published in the 
Radio Control Modeler Magazine vol. 25, 


No. 7, July, 1988. Authors were Eric Adams 
and James W. Walker.) 
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FLYING AND FLIGHT TRAINING 


CHAPTER 10 


Information about flight training is available 
from the Radio Control Modeler magazine's 
The Flight Training Course, (Volume |). 
Although it is very detailed, it is a great 
instruction manual. My training came from 





this book and from some of the local model 
club flyers who were willing to share their 





flying (i.e. LALSR), there are some unusual 
situations and pitfalis to watch to avoid. 


possible. The slower you fly, the less you 
need to worry about image motion problems 
(IMP). Learn the appearance of the aircraft 
just before it stalls and how to maintain 


minimum velocity in straight and level flight 


B. Power 


Every good RC flyer seems to feel that using 
the largest powerplant possible is the best 
approach to flying, but that is not true in this 
case. Excess power means lower engine 
rpm during straight and level flight. This in 
turn creates an aerodynamic vibration in the 
camera mount as the air flows along the side 
of the aircraft. This vibration is difficult to 


control and has been a problem, especially 
for those who put a 25 or 35 engine on 
their Butterfly aircraft. The larger engines fly 
great, but the vibration makes the camera 
unusable 
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bit of practice it is. While practicing, you get 
a better feel for wind direction, how to turn 


short angles and relieve! the wings fast, how 
to hold altitude, and how to be patient. 
Flying into the wind reduces the IMP. 
because the forward velocity with respect to 
the ground is reduced To make small-angle 
turns, use a short, choppy movement of the 
rudder and then level the wings either with 
ailerons or by holding the opposite rudder 
until the wings relevel. To fly at a certain 
altitude, you must first learn to measure it 
and then control it with the throttle. 


D. Altitude Measurement 


wing, you then have 300- and 600-foot 
markers (Figure 10.2) When the aircraft is 
flying directly overhead. these three lines of 


























Line of flight — 
—- ly 
Observer and 
Starting Poi | * 7 = 
Fig. 10.1 
Flying Photo Lines 
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bottom of the aircraft with duct or gaffer's 
tape at the center of gravity Remember, 
changing the center of gravity of the aircraft 
invites destruction. The Butterfly should be 
able to carry eighteen ounces; the 
Telemaster has been hand launched with 45 
ounces of extra weight at 6,000 feet above 
sea level. if net landing is necessary, 
practice landing that way. 
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F. Camera on Board 


For the first picture flight, load the camera, 
hook it up (remember the checklist), and 
launch the aircraft. Once the desired 
altitude has been reached, check it with a 
single pass and then piace yourself at the 
upwind end of the target (Figure 10.1). Fly 
the aircraft toward yourself and trigger the 
camera when it appears overhead. it's not 
really directly overhead, so make a second 
exposure three to five seconds later If you 
want to fly a line of photos, then get an 








observer to stand off to the side at right 
angles to the flight line and at the starting 
point. As the aircraft passes the starting 
point, have the observer signal in some way. 
When the starting point or observer is not 
visible, portable Vox radios can be used for 
communicating. Trigger the camera at 
proper time intervals to obtain the desired 
overiap--20 - 30 percent is sufficient for 
uncontrolied mosaics (Figure 10.6), and 60 
percent is required for stereo pairs and 
plotting. (Mathematics and plotting are 
discussed in deta later ) 








Figure 106 
Uncontrotied Mosaic of Nancy Patterson Site 
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G. Landing 
The main object of landing is to retrieve of 
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A tree landing (Figure 3.3) should be as siow 
and as close to the ground as possible and 
in the softest part of the tree (where the 
most foliage is). Lack of foliage penetration 
can cause more damage (usually to the tail) 
than the little bit of cover tearing that may 
take place. Tree landings normally do so 
little damage that as many as four 
consecutive flights have taken place in an 
hour's time with a tree landing between each 
flight. A soft grass landing approach is in 
most cases no different from a regular 
runway approach. A good way to solve 
landing problems is to decide before 
launching where and how you're going to 
land. 


H. Meteorology (Macro and Micro) 


Since LALSR is a clear-weather activity, 
there is little need to study meteorology on a 
large scale except to determine whether you 
will be flying the next day. The LALSR 
aircraft's proximity to the earth's surface. 
along with light wing loading, introduces a 
series of new situations associated with 
macro and micrometeorology Perhaps the 
best known and most darn srous of these 
situations is a dust devil. Some dust devils 
are not visible because they have not yet 
picked up debris or because the sun angle is 
deceptive, but when a small, lightly loaded 
aircraft flies into one on landing approach. 
recovery is difficult. 
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Figure 10.7 


Conditions | 





























Figure 10.8 
Macrometeorological Conditions || 
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The four basic controls of micrometeorology 
along with their causes, are these: 


1. Bare surface characteristics 
a. wind patterns 
b. soil and air temperatures 
c. hirnidity 


2. Topography 
a. slopes 
b. depressions and knolls 


3. Vegetation 
a. tall 


b. medium height 
Cc. low-growing 


4. Constructions 
a. fences 


b. buildings. 


Figures 10.7 and 10.8 are typical examples 
of situations that can be experienced during 
low altitude flight as a result of 
micrometeorological conditions. Landing on 
a light-colored road with dark foliage on 
either side is much easier than landing on a 
dark-colored road with light soil on either 
side. Figure 10.8 shows what the wing will 
feel in terms of airflow in these situations. 
Crossing from light to dark areas or vice 
versa causes the aircraft to bounce up or 
down, depending on the color change of the 
surface. 


Air currents rise on the windward side of a 
hill, causing a small aircraft to rise. On the 
leeward (downwind) side of a hill, air can be 
turbulent and cause the aircraft to bounce up 
and down. Because of this turbulence. lift 
can also be reduced 


At low altitude there is a point along the 
interface between water and land where the 


air produces a bump, whose magnitude 


depends on the humidity and temperature at 
the land-water interface. 


When launching or climbing in a narrow 
canyon, stay upwind as far as possible from 
the canyon's narrow points and keep to the 
canyon's sunny side. Once you are above 
the canyon rim, fly on the windward and the 
hot side of the canyon. Avoid turbulent 
areas. 


Active (green) tall vegetation is violent. If 
you have to climb up between two stands of 
tall timber, increase the rudder throw on your 
aircraft and stay exactly between the two 
stands. Also remember that the interface 
between a meadow and a tall timber stand is 
violent. 


Do not attempt to land near large signboards 
or snow fences--these indicate unusual wind 
currents. 


Most of all, when you arrive in an unfamiliar 
area, check out the surface characteristics, 


topography, vegetation, and local 
constructions. These things can be either 
beneficial or detrimental. 

|. Checklists 


Checklists are as imporiant as preflight 
planning. Both are essential, but they are 
usually ignored until after the first crash. 
Nothing is more frustrating than flying an 
excellent flight with a lens cap on or an 
intervalometer not properly set. A checklist 
is simply a logical approach for launching 
the aircraft. photographing, and landing the 
aircraft so that t« ‘n and camera can be 
safely retrieved. cvery time you make a 


Sl 
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checklists can be duplicated or cut out and 


laminated. Once you have completed the 
chockilist, it is time to fly. 


Most of all, remember that safety comes first 
when flying. \f there is a problem, stop and 
work it out before you launch the aircraft; 
that includes finding a landing place, 
whether in a tree or net, or on a roadway. 





BUTTERFLY CHECKLIST 

Set servos and check all clevis (3) 
Load camera 

Mount camera in sponge and mount 
Plug trigger in camera 

Top sponge 

Screw on camera mount (4) 

Wing ( rod, 2 small, 6 large, align) 


SDOnN@OA son 


_— ese et ak a et 
HRON=5 





TELEMASTER CHECKLIST 


10. Attach rubber bands (8) 
11. Fuel 

12. Range check 

13. Battery starter hookup 
14. Prop line 

15. Start and adjust engine 
16. Remove lens cap 


CONAALwWn- 


Bolt on tail 

Attach clevis (2) 
Set servos 

Load camera 
Mount in sponge 
Hook up trigger 
Turn camera on (2) 
Mount camera 
Hook up ailerons 
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J. Flight Log Records 


Keep records of your flights, just in case 
someone asks a question or needs help. In 
fact, you may be that someone. In addition 
to records for billing of reconnaissance 
services, reconstruction of a flight or an 
accident investigation may be necessary. 
Figure 10.11 is a computer-based and 
designed flight log. There are probably 
better systems, but this one fit the flight test 


program as LALSR developed. Along with 


this computer flight log is a 3 x 5 inch spiral 
card log that is carried with the pilot and 


completed on the spot. It records the date, 
flight number and duration, aircraft type, and 
location. Other notes are recorded as 
needed and then transferred to the computer 
record as soon as possible. When your film 
is processed and printed, it is much easier to ‘ 
mark it and file by that record. Paperwork is 
necessary if you expect results from LALSR. 








jina Flight Log 
Plight Date Aircraft A/C Pune Time TT Time 
0125 11-15-86 Bity 0056 65 20.16 
Camere Film t Location 
FF-90 VAG2 0 011-Chaco NM. 





Hand launch with same 200 VAG film Flew over Pueblo Bonito & 


photographed 23 shots Used remaining film to shoot normal eye 
level shots of Pueblo Bonito Landing was a greaser 











i) 











Figure 10.10 


Typical Flight Log (log 20) 
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PART 3. PRACTICAL CONSIDERATIONS 


THE IMAGE MOTION PROBLEM 


CHAPTER 11 


A. IMP 


In LALSR, the "image motion problem” (IMP) 
is measured in inches and causes resolution 
problems. This measurement is the distance 
the aircraft moves while the shutter is open. 
The resolution of the flying reconnaissance 
system cannot exceed the IMP 
measurement because it is the amount of 
biur that occurs while the shutter is open. 
For instance, at 120 miles per hour, an 
aircraft moves 2,112 inches in one second: 
at 12 mph it moves 211.2 inches. If the 
camera shutter speed is 1/400 second, then 
the aircraft moves 5.28 and 0.528 inches 
respectively while the shutter is open. 
Recognition of any feature on the ground is, 
therefore, limited to that number of inches 


moved by the aircraft during the camera 
exposure. Features smaller than this image 
motion are distorted in terms of texture, 
shape, size, and contrast. With LALSR, the 
IMP is a feature-recognition unit (FRU) of 
minimum size. 


B. Film and Camera 
Effects on IMP 


The Butterfly aircraft weighs less than 84 
ounces with camera, film, and fuel. The 
camera (11 ounces) automatically operates 
on the basis of exposure value (EV) input. 
measured available light produces this 
exposure value (EV), which in turn sets the 
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f-etop and shutter speed in the camera 
Most modern, fully automatic cameras 
operate on this same basic EV system 
concept in enmaen tn Risch PR-00 Oram 
D*) has @ maximum shutter speed of 1/400 
second, is obtained at an EV of 16 or higher 
The reading from an incident light meter on 
an average clearweather, sunny day, 
indicates a fim apeed of ISO 200 is needed 
to obtain thie EV and thus the maximum 
shutter speed possible As a resull, most 
tests and uses of this equipment have been 
with ISO 200 film. This produces maximum 
shutter speed and consequently minimum 
IMP 


Film used in LALSR is 190O-rated, rather than 
aerial fim speeds. Tvs is because of the 


filrn availability in 35mm format anu the haze 
problem. Many filme availahie in 36mm 
format are not available in other sizes Most 
of these filme are ISO-rated Al least ten 
different types of film have been successfully 
tested and used in the ISO 200 range 


Maze i8 near nonexistent at the altitude 
flown with LALSR. Even most haze-causing 
temperature inversions are above 600 feet. 
and 600 feet above the ground is about the 
highest altitude for safe LALSR operation 
However, where contrast control is needed, 
placing @ piece of masking tape over the film 
cassette data biock before loading the film 
into the camera allows fire speed contro! for 


this specially required pr. essing 








55558853 5BF 











The Image Motion Problem 





C. System Resolution 


The resolution of the system mounted in the 
aircraft ie affected by the lens, film, and 
powerplant vibration. The total effect of 
these factors can be determined by a quick 


and simple method that has proven relatively 
accurate 


With the camera mounted in the aircraft and 


Figure 11.3 is a 
verification of this type of test during a flight 
(this will be discussed later) 


system resolution on the film. As an 
exainple, if the system resolution is 75 lines 
per millimeter (0.01333 mm) and the IMP is 
528 inches (13.41 mm), then the optimum 
scale is 13.41 / 0.01333, of 1:1000. (All 


Scale is the ratio of image to object size 
The altitude at which the mission is flown for 


& particular scale is obtained by multiplying 
the scale reciprocal by the focal length of the 
camera lens For ihe partioular situation. 


possible On the graph, therefore, the same 
scale must be above the IMP limit and to the 


right of the system resolution limit (Figures 
11.4). 


D. The Aircraft 


Two model aircraft have been used for 
LALSR. Purchased from a mode! shop, they 
are off-the-shelf kits which have been built 
according to the manufacturers’ instructions. 
Camera addition and modification came 
after the aircraft was initially flown and 
trimmed The parameters of these aircraft 
have been calculated and tested. the results 
are shown in Figure 11.2. 























Camera Ricoh FF-90 Ricoh KR-30 Ricoh KR-10 
Lens Focal Length 36mm 50mm 50mm 
Operating shutter 1/400 sec 1/1000 sec 1/1000 sec 
Shutter open interval 0.0025 sec 0.001 sec 0.001 sec 
IMP (minimum feature 

recognition unit) 0.528 inches 0.210 inches 0.210 inches 
System Resolution 75 lines/mm 80 lines/mm 80 lines/mm 
Image recognition size 13.3 micro-mtr 12.5 micro-mtr 12.5 
Optimum scale(aititude) 11000 (115 ft) 1:400 (71 ft) 1:400 (71 ft) 

Figure 11.2 
LALSR Aircraft Parameters 


Sufficient data exist to indicate the need for inches, which is very close to the IMP If the 
@ camera with a 1/1000 second shutter resolution appears slightly better than 
speed and a weight of less than 360 grams calculated, it could be for two reasons. either 
(12.5 ounces) to ft the Butterfly. Both the aircraft was flying into a slight headwind, 
aircraft worm equally woll, but the Butterfly's which was not measurable, or the system 
portability makes it a better choice when resolution may not be as good on the test 


flying from remote operating sites: stand as it is in flight because of test mount 
problems 
Figures 11.5 and 11.6 were made during a 
E. Actual and Calculated IMP Butterfly flight over the same target at 
altitudes of 63 feet (Figure 11.5) and 120 
Calculations predict the images that can be feet (Figure 11.6). Object detail on both 
recorded, but actual flight data must be original photographs is the same. This 
obtained for verification. Figures 11.3, 11.5, verifies the idea of working within an 
and 11.6 were obtained from actual test envelope prescribed by the object-image 
flights. Figui. 11.3 was made with the plot. Ground resolution of these exposures 
Telemaster aircraft at 78 feet. The unpainted is between 0.5 and 0.6 inches. One flight 
chaining pins used to hold down the colored was into the wind (Figure 11.5); one was 
cloth targets are visible, as are their with the wind (Figure 11.6). Again, the wind 
shadows. The diameter of these pins is 0.20 was discernible but not measurable 
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Figure 11.3 
Aerial Photograph (original in color) 
Exposed at 78 foot Altitude with Telemaster 
Aircraft, 1/1000 Second Shutter Speed 
(Chaining Pins and thew Shadows are Visible) 


Little has been said about imege motion due 
to roll rate. This is because of lens focal 
length and fin width For instance, with a 
50mm (2-inch) lens used with LALSR, image 
motion factors pertinent to roll rates are 887 
radians per second, as compared with 2.660 
radians per second with a 6-inch lens used 
with a regular (9 x 9) aerial! camera Also. 
image motion at the photo edge is only | | 
times that at the center because of the 
harrow fim width (25mrn vs 9 inch). 








F. Mathematics and IMP 


On all aerial photographs there is some 
image motion due to the forward motion of 
the aircraft. it is therefore useful to know 
how much motion there is and how to deal 


with it mathematically. 


Altitude is measured in feet, optics, images. 
and targets are measured in millimeters and 
meters. Time is measured in seconds: 
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velocity is measured in both miles per hour 
and feet per second. All the numbers in the 
formulas below are constants for 
dimensional correctness. Several numbers 
and formulas also need to be known when 
image motion is used. 


The image motion (IMP) is equal to 17.6 


times the aircraft velocity (v) multiplied by 
the shutter speed (Ss), or 


IMP = 17 6vx Ss 


where velocity is measured in miles per hour 
and the shutter speed is measured in 
seconds. This means that an aircraft 
traveling 100 miles per hour with a 1/400 
second shutter speed travels 4.4 inches 
during an exposure. The number of inches 
moved by an object in one second at one 
mile per hour is 17.6, and it dimensionally 
balances the formula. 


Scale (Sc) is the image size (is) to object 
size (Os) ratio, or 


Sc = 25.4 x is /Os 


where the image size is in millimeters and 
the object size is in inches. Optimum scale 
is reached when the IMP on the ground is 
equal to the resolution of the camera 
system This represents the best capability 
of the entire system. 


Resolution is the smatiest object the camera 
system will record on film. it is measured in 





lines per millimeter, and its reciprocal is the 
size of the measured image 


The optimum altitude to fly a reconnaissance 
mission is at a point where the optimum 
scale is obtained. This altitude is obtained 


by multiplying the scale reciprocal (Sr = 1 
/Sc) by the focal length (Fl) of the camera 
lens 

Altitude = Fix Sr / 304.8 


where altitude is in feet and the focal length 
is in millimeters. For example, with a 100 
mph aircraft, 1/400 second shutter speed, 
4.4 inch IMP a system resolution if 80 lines 
per millimeter (0.0125 mm), and a 50 
millimeter camera lens, we have the 


following optimums: 
Optimum scale = 1: 8,940.9 or 1: 9,000 
Optimum altitude = 1,449.5 or 1,450 feet. 


Therefore, to make IMP calculations, the 
following are needed 


1. Aircraft velocity 

2. Focal length of the camera lens 
3. Camera shutter speed 

4 System resolution 


For the systems used in LALSR, these 
parameters are listed in Figure 11.4. 












































Aircraft, 1/400 Second Shutter Speed 
(Surface resolution is still 0.56 Inches ) 

















IMAGE MATHEMATICS 


CHAPTER 12 
Several useful mathematical expressions is desired in inches, then the it must be 


and formulas help define LALSR and its multiplied by 5280 ft per mile, 12 inches per 
related photography. These formulas will foot, and divided by 60 minutes per hour and 
help to make most of the calculations 60 seconds per minute: 

needed to obtain information before flying 

and then extract data from that imagery 5280 x 12 /60 x 60 = 17.6. 

Most of 





The answer, 17.6, is a unit balance factor 
(ubf). It corrects for dimensions that are in 
different units of measurement, i.e., focal 
length in millimeters and altitude in feet. 
Therefore: 










1 








IMP =176 v Ss 
in ubf mph sec. 





The blur (B) this motion (IMP) creates on the 
film in millimeters is 1.47 multiplied by the 
velocity in mph, multiplied by the exposure 
time in seconds, multiplied by the focal 
length (Fl) of the camera lens in millimeters. 
This number is then divided by the altitude 
(Alt) in feet, or 






















B= 12 IMP FI/ Alt 
mm ubf in min / ft. 


Further, when this blur is measurable on the 
film (when flying below optimum altitude), it 
is possible to calculate the velocity of the 
aircraft if the flight line is pretargeted with a 
one-meter square target. Use the short 
dimension of the target on the film to 
measure the altitude and the difference 
between the short and long dimensions on 
the target as the biur (B). Then: 

v= BAK/ 1.47 Ss Fi. 


Figure 12.1 represents the relationship 
between focal length (Fi), altitude (Alt), 
object size (Os), and image size (is). This 
Clarifies the above equation if the object size 
is considered the IMP and the image size is 


























considered as the blur. 
image 
if 
Alt 
Ob 
= 
Figure 12.1 
image, Object, Focal Length, and Altitude 





With the camera focused at infinity, the 
diagram in Figure 12.1 indicates 


Att/ Os = Fi/is 
or if dimensioned: 


304.8 Altt/ Os = Fi/is 
ubf ftimm mm / mm. 


The focal length of a camera lens is fixed, 
the object size can be measured on the 
ground, and the image size can be 
measured on the film; therefore, the flight 
altitude can be calculated. 


B. Scale 


Scale is the ratio between a photograph and 
its full-sized counterpart, or the image-to- 
Object ratio. For example, if a one-meter 
ground target measures one millimeter on 
film, then the scale is 1:1000. Therefore: 


Sc = is / Os 
or if dimensioned: 


Sc = 0.0394 Is / Os 
ubf mm in. 


Optimum scale is achieved when the image 
motion (IMP) equals what the camera film 
system can record (resolution [Rs]): 


Sc = 0.0394 Rs / IMP 
ubf mm in. 


if the scale is tne image-to-object ratio, then 


mathematically it is also the lens focal length 
(Fl) to altitude (Alt) ratio: 








Sc = Fl/ Rs. 


Some people prefer to use the scale 
reciprocal instead of the scale because it is 
a large number instead of a fraction. The 
scale reciprocal applies to Figure 12.2 which 
demonstrates how scale relates to image 
and object size. To use this equation, 
choose the unknown quantity and perform 
the mathematical function indicated by the 
position of the remaining two quantities. if 
the remaining two quantities are side by 
side, then multiply, if they are above and 
below, then divide the top by the bottom. 
Dimensions involved with this diagram will 
have to be unit balanced. 


C. Altitude 


Altitude is needed for two purposes with 
LALSR. To determine the altitude to fly an 


aircraft for a specified scale: 
Alt = Fl Sr 
or if dimensioned: 


At = Fi x Sr x 0.00328 
tr mm ubf. 


To determine the altitude to fly an aircraft for 
specific coverage: 









Ground Distance 












Scale 
Reciprocal 


image 
Size 














Figure 12.2 
Mathematica! Circle for Object, Scale, and 


image 


To determine altitude from imagery with the 
use of a one-meter target: 


At =3.28 Fi /ts 
ft ubf mm mm. 


With a Butterfly and Ricoh's FF-7 series 
cameras with 35mm focal length lenses: 


Att = 114.8/\Is 


and with a single lens reflex camera (SLR) 
with a 50mm focal length lens: 


Alt = 165.1/ Is 
if a different sized target is used: 
At = Fi Os/ Is. 


The ubf depends on what the object size is 
measured in (feet, inches, etc.). 
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D. Coverage 


Coverage is the area, length, or width that is 
covered on the ground by an aerial 
photograph. it is a function of the camera 
lens focal length and the altitude of the 
aircraft, so the preceding equations apply. 
The object size now becomes the ground 
coverage width (Fow) or length (Fcl). The 
image size becomes 24 or 36 (film width or 
length in a 35mm camera). Therefore: 


Fow = 24 Alt / Fi and Fel = 36 Alt / Fl 
ft mm ft mm. 


E. Overlap 


Overlap is needed for two reasons with 
LALSR: to produce stereo images for stereo 


in the long direction of the film (Fel). For 
60% overlap, 0.6 Fcl of one photo must 
overlap 0.6 Fel of the next photo. This 
means that for 60% overlap, the distance the 
aircraft needs to travel between exposures is 
0.4 Fel, 0.4 (36 Alt / Fl), or 14.4 Alt / Fi. 


For LALSR purposes it is perhaps better to 


calculate overlap in terms of seconds 
between exposures. It is difficult to measure 
visually the distance an aircraft has flown 
from the ground, but one can count or 
measure the time it takes to cover this 
distance if the aircraft velocity is known. 
This time (Ol) is obtained by dividing the 
distance between exposures by the aircraft 
velocity along the flight line: 


Ol = 9.82 Alt / (Fl) (v) 
sec ubf ff mm mph. 


if different percentages of overlap are 
needed, the equation changes to: 


Ol = (1 - % overlap as a fraction) 24.54 Alt / 
(Fl) (v). 


For example, if we want 20 percent overlap, 
then we use 0.8 as the interval by which to 
multiply the remainder of the equation to get 
the proper time interval in seconds. Overlap 
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MISSION PLANNING, SURVEYING, 
AND FLYING 


CHAPTER 13 
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the area to be photographed. With remote- 
piloted veliicies, the time-space interval can 
be operated by the pilot on the ground or 
with an intervalometer using an NE555 
circuit, which weighs about one ounce. 
Several circuit diagrarns are available from 
those who are manufacturers of that 
electronic chip. 


In altitude estimation, first determine the 
width to be covered. Plan for a margin of 
error, especially if you are new at flying 
straight lines. From this width (Few), 
determine the flight altitude you need to 
cover that dimension (see chapter 12). Next 
determine the length of the coverage (Fci). 
The overlap for stereo imagery needs to be 
60%; in other words, a photo should be 
exposed each time the aircraft travels 0.4 
Fel. The overlap time should then be 
calculated on the basis of velocity, and 0.4 
Fel. As you fly down the flight line, trigger on 
the basis of this time interval if you are sure 
you are close to the correct altitude. If you 
your overlap; but remember it is better to 
have too much overlap than too little. Also 
remember that you are flying a fair-weather 
machine; the wind will probably be 
negligible and even helpful. For accurate 
altitude determination after the flight, place 
a cloth control panel (1 meter x 0.5 meter) 
on the ground in the image area before the 
flight. At the altitudes flown, both altitude 


and velocity can be determined from 
measurements on the processed imagery. 
Final accuracy of altitude is achieved by 
measuring the one-meter side of the control 
panel on the final image. With a 35mm focal 


length lens: 
Altitude = 114.83 / Target image size in mm 
and with a 50mm focal length lens: 


Altitude = 165.13 / Target image size in mm 


B. Targeting 


Once the purpose and approach of the 
mission have been defined, targeting is 
usually needed on site. Targeting is a 
ground truth reference designed to fit the 
situation. The altitude determination from 
control panels is a good example of how 
targeting is used. These cloth panels are 
also used for color matching in the printing 
process and velocity determination (Figure 
13.1). It is relatively simple to take one of 
these colored cloth panels into a photo 
printing lab and ask a printer to match it on 
a print. This gives an idea of actual colors 
as they exist in the area being 
photographed. (Velocity measurement with 
these targets was covered in chapter 12.) 
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Figure 13.1 
One by One-half Meter Cloth Control Pane! Targets 


With help from Larry Gillen of Packer 
Engineering, Arthur Ireland. of the National 
Park Service, and others, special 12-inch 
square targets (Figures 13.2 ard 13.3) were 


of spray paint can be sprayed into a funnel, 
which is placed into the nail hole. If flying is 
completed before the survey, then the nails 
and paint dots are flagged and the targets 
are moved to the next flight area. The 
number and placement of targets should be 
determined by both the plotter and the 
surveyor. These 1/8 inch masonite targets 
can be used on two or three sites in a single 
day. They do not take up much space, but 
42 (1/2 cubic foot) targets weigh quite a bit. 
When a larger target is needed, turn over 
four of these targets and arrange them so 
they will make a large X (Figure 13.4). This 
works to an altitude of 5000 feet. 
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Figure 13.4 


Four Plotting Targets Put Together 
for Higher Altitude LALSR Stereo Plotting 


This is especially true when —- PVC pipe, pipe fittings, clamps, and string 
short (Figures 13.5, 13.6, and 13.7). 
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Figure 135 























TOWER LEVELING ATTACHMENT 
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Objects such as stream weirs, fence posts. 


C. Surveying 


As soon as the pretty effects and the object 
identification syndrome of LALSR wear off, 
someone will want to take measurements 
from the imagery if proper ground-work 
(targeting, surveying, and ground truth data) 
has been done before a flight, then these 








Figure 13.7 
Photograph of Elevated Tower in Use 


accurate, there is an order which indicates 
that accuracy is related to cost: 


1. Pacing 

2. Pacing and compass 
3. Chaining 

4. Plane table 
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D. Ground Truth 


Ground truth needs vary according to the 
discipline. As much as possible, ground 
truth should be accomplished on site and as 
close to the flight time as possible. Ground 
truth for LALSR is usually easy to obtain, 
because often the aircraft is hand launched 
on site, allowing both the pilot and a second 
person to do this work. These two 
individuals--especially if one is a content 
specialist--can obtain most of the needed 
ground truth information while on site. A 





Offers a large variety of emulsions from 
which to choose. Even Kodak Technical 
Pan, with its fine grain and wide contrast 
processing range can be used with some of 
the slow RPVs. In some cases, processing 
can be accomplished on or near the site. 
This is ideal, because if a first look at the film 
indicates a need for additional flights or 
ground truth, this can be accomplished 
immediately. The one-hour photo finisher 
has become a boon to LALSR because it 
also allows inexpensive near-instant color 
review. All these film factors need to be 
considered for flight planning. If you have 
questic * about film or film processing, 
consult Chapters 18 and 19. if 
manufacturing data are available and 
individual film tests have bewn made, it is 
easy to determine which film fits the 
situation. 


F. Flying and Flight Lines 


When mission planning is complete, load the 
camera and place it in the aircraft. Once the 
checklist is completed, it is time to fly. Most 
RPVs can be hand launched. The twenty 


best in the area where the air is smoothest. 
Under most conditions, this means over 


homogeneous-colored, smooth surfaces. 
Avoid the leeward side of hills and cliffs. 


Flight lines can be marked with surveyor's 
flagging tape on the ground or by individuals 
standing at each end of the flight line. At low 
altitude, these individuals are visible and 
easy to “line up on.” With an RPV, one 
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person stands on the approach end of the 
flight line, and the pilot occupies the position 
at the far end. The individual at the approach 
end signals to the pilot when the aircraft is 
overhead and when to shoot the camera. 
The last exposure is made when the aircraft 
passes over the pilot. As soon as one flight 
line is completed, the two people at the ends 
of the flight line move to their positions on 
the next flight line. About 20 exposures are 
made during most flights, and most of these 
flights last 10-12 minutes over the target 
area. When flight lines are complete, return 











the aircraft to the predetermined landing 
place and land it. 


By using proper plotting techniques in 
situations where the terrain is constantly 
changing, daily or weekly overflights make it 
possible to create a microgeographic 
information system (GIS) in term. of location 


and stratigraphy 


At the completion of the flight, the object 
is to retrieve, process, plot, and interpret the 
film. 











they will need © ve plotted on a sheet of 
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Figure 14.3 
LALSR Photograph of Part of Lytie Ranch 
(Note: This photograph covers an area of 600 x 900 feet. At the time of 


publication, it was the largest area covered by this type of photography. 
The aircraft was at 700 feet using a 28 mm lens.) 


As additional photographs of Lytle Ranch 
are taken, this photograph wili be more 
useful if it is plotted on a sheet of paper so 
thet itt can be compared to future 
photo jraphs as they are plotted on the same 
piece of paper. ideally, a large-scale map 
for plotting would be best. 


These photographs can be plotted on large- 
scale maps using proportional dividers or a 
slide projector. Average scale in most 
instances is accurate within an inch or two. 
This is much better than smaller scale maps. 
| where corrected imagery is accurate within 
six to eight feet. All images have better 
accuracy when image measurements can be 
radial, that is, when measurements are 
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C. Uncontrolled Mosaics 





stereo pairs), and to peel the resin coating 
from the back of each print with a dowel 
(Figure 14.4). Mount one print on a sheet of 
dry mount board, then proceed in either 
direction along the flight line, one print at a 
time, mounting each so that it fits in line and 
all the details between the two prints match. 
A little hand tearing along the edge of the 
print interface is usually necessary. The 
results can look at least as good as Figure 
14.5. 








Figure 14.4 





Peeling the RC Layer From the Back of a Print 


























Figure 14.5 
An Uncontrolled Mosaic 


D. Pixel Detailing 


One of the most difficult items to plot is a 
single photograph on satellite imagery 
because the coverage at optimum altitude is 
1x 1-1/2 satellite pixels in area. This type of 








coverage is when there is a need to see 
detail of a pixel area because it has changed 
on the satellite image. The coverage of 
figure 14.3 is an extreme example. it is 18.3 
by 27.5 satellite pixels. 
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ANALYSIS AND IMAGE INTERPRETATION 


CHAPTER 15 
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Analysis and Image Interpretation 





aware of the surroundings during the flight 
Candy wrappers, aluminum cans, and 


disposable diapers suddenly take on new 
meaning. items such as stream meander 


movement, reconstruction, and water 
turbidity become yery noticeable Bridge 
and fence construction techniques can be 
determined. Buried pipe systems over 100 
years old are sometimes visible At LALSR 
altitude, with most color films there is a 
difference in the color and shape of pinion 
and juniper trees. The same is true of 





function of camera lens focal length and 
altitude, as discussed in Chapter 12. Scale 
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Figure 15.1 
San Ratee! Bridge 





The bridge is @ single-epen suspension bridge 160 feet long Details of 
construction are readily visible and are typical of those built by the Civilian 
Conservation Corps during the 19308 A bypass road through the stream 
indicates @ erm.) load limit on the bridge The bypass roed indicates nearly as 
much use as the bridge Signs and their shadows are visible, these probably 
indicate the load limit or bridge width Construction is such that e height limit 
would not be applicable Design is such that et extremely high water cables 
could be undone and the bricige released. leaving the stabilizing structure 
unharmed and ready to be reused Ground cover is sage. tamarisk rabbit 
brush. grease brush. end June grass The trees are cottonwood (broadiesf) 
Fence lines. as well as both the bridge cables and the shadows. are visible 
Scate is altered because of printing processes Area covered 320 « 480 feet 

















Figure 16.2 
San Rafael Sink Hole 


The sink hole is obvious All shrubbery is within the fence, leaving only grass on the 
surface elsewhere This is an indication of grazing problems There is a high foot. 
traffic zone immediately eround the fence The fence uses double posts with spacers 
to hold the rails in position Gress grows in circular patterns from » central root 
system Note how the centers of each cluster appear to be dead end where these 
Clusters have grown together Cattle trails are visible in the upper part of the 
photograph, as is @ buried pipeline The evidence of the pipeline, which is estimated 
to have been buried for at least twenty years. is the tracks left by the track vehicles 
used in construction The single track toward the top and the pair of tracks just below 
it are typical of present-day pipeline laying. if the same methods were used in the 
pest. then it is evident that construction moved from right to lef Off-road vehicie 
tracks are prevelent in the area Changes in their color are a function of their age 
Area covered: 212 x 316 feet. 
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Figure 15.4. 
Pulsating Sprinkler Tests at Utah State University 


Growth and maturity are whown as a function of moisture distribution on an 
agricultural plot (original in color) Light green areas indicate excess moisture. 
deep green indicates normal moisture and brown indicates too little moisture 
The squares that look like black holes are moisture collecting gauges The 
accompanying two phoiographs show the overall test plot from 500 feet and an 
eye level view from the ground 
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3 
Figure 16.5 
Successive Coverage for Building Construction 


The first fight photo shows the besic interne! structure and floor plan of @ single-story building Debris associated with 
earty phases of construction is visible. as is the storage piece for the refers when they arrived at the site (left center 


of the photo) 


The second photo shows the roof top complete with lattice work for a ceramic type roof Attached to the building ere 
five fiat structures. ready for concrete. there is also e structure a smell distance away which has been freshly poured 
with concrete 


in the third photo this fresh pour hes @ spire mounted on it, and the five attached structures are pads for air condmoning 








TEACHING LALSR IN THE CLASSROOM 


CHAPTER 16 


The first class in low-altitude, large-scale 
reconnaissance was taught Winter semester 
1980 at Brigham Young University (Figure 
16.1). Each student completed a 
reconnaissance project, and five aircraft 


were built. There were nine students and 














Airborne Reconnaissance, Xili, 1989 
SPIE Annual Conference, Vol. 1156. 


Walker J. W., The Image Motion Problem 
(IMP) as It Applies to Low altitude, Large- 
Scale Reconnaissance (Technical 
Papers, 1990 ASCM-ASPRS Annual 
Conference, Vol. 5, pp. 119-127). 






























CHAPTER 17 
The cameras used 
hghtweight 
shutter operation anc film advance 
some types 
automatic exposure with 
speed is even more desirable. B. Environmental Effects 
cameras must have capabilities 
operated by the radio system C. Service 
the aircraft, as described 
operational D. Quality 
etn & E. Required Modification 
F. Cost. 
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A. Weight 


Weight is the most critical consideration, 
because increased weight means increased 
velocity, and this adversely affects the image 
motion (IMP). If weight becomes excessive, 
the aircraft will not fly. With the Butterfly 
aircraft, the camera weight cannot exceed 
fourteen ounces. Both camera and mount 
add eighteen ounces to the basic aircraft 
weight. This is 4 big load for a 0.15 engine 
at the 4,500 foot above sea-level launching 
altitude, where most of the initial test flights 


took place. 


With the Senior Telemaster, the maximum 
allowable weight of the camera equipment is 
forty-one ounces. More weight increases 
the flying velocity significantly. 





D. Quality 


It may seem amazing that quality is listed 
fourth, but if the camera weighs too much, or 
not tolerate the environment, and if 


ten ounces, has a shutter speed of 1/1000 of 
a second, has a high-quality 35mm or 50mm 
lens with a maximum opening of about f-3.5, 
and an automatic film winder that can be 
electrically driven. it does not have a penta- 


prism or a high-speed lens to add weight to 


Some cameras will require modifications to 
the triggering mechanism for use with 
LALSR. This can be expensive or even 
impossible. if your camera cannot be 
modified easily for an electronic closure of 
the shutter and for the advance operation, 
there will be trouble with your whole 
program. Let a qualified camera craftsman 
make the necessary modifications. 
Electronics are more complex now than they 
were a few years ago. For use with the 








Cameras 





Butterfly aircraft, several small cameras, 
such as Ricoh's FF-90-Super and FF-7 have 
built-in electrical cable releases. A camera 
with this type of hookup requires no 
modification and is perhaps the best way to 
go. The new Ricoh AF, which also has this 
type of hook-up, weighs only ten ounces. 
This is a real advantage. 


F. Cost 


Cost of camera equipment is always a 
consideration, but most cameras used with 
LALSR_ are not too expensive. if no 
modifications are required, the cost is even 
better. 


G. Camera Test Program 


Ricoh Corporation and E.B. Wilson Public 
Relations (and now Jean Dynow Associates) 


cameras used during these developmental 
stages were Ricoh's FF series cameras (FF - 


90 and FF-90-Super) for the Butterfly aircraft 


and Ricoh's KR-30 camera for the Senior 
Telemaster. The initial test camera was a 
Ricoh FF-90, modified to operate 
electronically with the radio equipment. This 
camera was the lightest automatic model 
available at that time. The Butterfly model 
aircraft still flies within the desired velocity 
envelope for LALSR work with the FF-90 
mounted under it. Ricoh has since furnished 
an updated version, the FF-90 Super-D, 
which requires no modification and appears 
to have better optics and operating 
characteristics. We still use these three 
cameras with our onerational programs. 


A Ricoh KR-30SP camera with auto-wind 
was mounted in the Senior Telemaster The 
lightest single lens reflex camera available at 
that time, it has excellent resolution 
capabilities (Figure 4.1). it has been on 
board for about 100 flights, has survived 
three major crashes, and is still being used. 
The Telemaster has also flown satisfactorily 
with an Olympus OM-1, a Konica 35mm 
camera, and a television camera. Other 
cameras within the weight limits can and will 
be tested as requests are made or as the 
need anses 
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Figure 17.3 
Ricoh KR.30 
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FILM 


CHAPTER 18 


Film in 35mm format is available in more 
variety than any other format. For instance, 
@ recent survey of a local film supply house 
revealed sixteen different 35mm color 
reversal film types in stock. This is only one 


category of film. Films fit into four general 
categories 


A. Black and white 

B. Color negative 

C. Color transparency (slides) 
D. Special emuisions. 


ee | eee re eae 


color differentiation, that is, to show minute 
changes in a single color in exaggerated 
gray scale. Development time of black and 
white negative film can also be used to 
control contrast and thus control the shadow 
detail. For instance, T-Max 100 film is used 
for many LALSR projects and is consistently 
exposed at an ISO of 200 and developed 
longer to increase the contrast of the 
shadow detail. The color sensitivity of black 
and white film varies, and this can be 
advantageous. Technical pan film is more 
red sensitive than T-Max 100 film, which is 
more red sensitive than Plus-X film. 
Technical pan film can do an excellent job of 
recording old asphalt roads built in red soils 


in the spring when the green foliage is well 
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determine which is the faster to obtain 
Color negative film is often used for quick 
results when one-hour photo finishing plants 
are close. it is in itself one of the best 
reasons to use color negative films Color is 


one of the best tools for image interpretation 
Color ip its own salesman, although 


capabilities of the two Kodacolor Gold films 
(100 and 200) are different from each other 
and from other color films. Kodacolor Goid 
200 film seems to see deeper into water with 
soluble iron and sodium in it than the 100 


Kodachrome 200 film is stereo plotting, this 


E. Film Speed 


Film speed (iSO) requirements are 
determined by available light. To keep IMP 
at a minimum, the fastest possible shutter 
speed is needed. Therefore, with an 
automatic camera, the film speed that will 
set the shutter speed at its maximum for the 
existing lighting conditions should be used. 
With the automatic cameras used on the 
Butterfly, a film with an ISO of at least 200 is 











calculate what film speed to use It is also 
desirable to use the slowest twn speed 
possible, because the grain size is smatier 
on stow films. The film must be fast enough 
for fast shutter speed, and yet slow enough 
to allow for big enlargements 


F. D-X Cassette Problems 


Small automatic cameras use the D-X data 
blocks on the film cassette to determine 
exposure When a change in film speed is 
needed (for contrast control) or a film 
cassette has no data biock, then the data 
block output must be modified This is 


accomplished by cutting out a correct 
information data block from a used cassette 


with sheet metal shears and taping it over 
the data biock area on the unmarked or 
unused cassette with two-sided transparent 
tape. These used cassettes are usually 
available at most photofinishers for no cost 
Data blocks with film speeds from iSO 25 to 
400 have been cut out and used at varic 's 
times (Figure 16.2). They are stored in the 
camera bag in a plastic film cassette holder 


Processing is always @ consideration when 
determining film type Rapid processing can 
be anything from a one-hour film processing 
plant to @ portable darkroom on site. 
Remember, do not fly a “rush” mission with 
a film that wil take two weeks to get 



































FIGURE 18 2 
D-X Data Blocks Cut from Old Cassettes 
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CHAPTER 19 
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finishing lab, or at a custom lab. The size 
of prints should depend on the needs of 
the user 


2. Color Films. There are four types of 
processes used with color film, the 
process depends on the type of color film 
used. in the United States, most color 
reversal flims (except Kodachrome) will 
process in E-6 chemistry. This process is 
now available in some of the one-hour 
finishing labs as well. However, most E-6 
processing labs are set up on a four-hour 
schedule. Having this schedule can help 
you schedule your work each day E-6 
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listed in photographic magazines and aerial 
photographic journals 


B. One-Hour Photo Finishing 
Plants 


One-hour photo finishing plants are 
convenient; often, because they continue to 
exist solely on the basis of good service, 
they are willing to work with you and meet 
your special needs. For instance, a one- 
hour processing plant in Santa Fe, New 
Mexico, will immediately reprint the desired 
negatives needed to 8 x 12 inch prints. 
Adjusting your flying schedule to fit a 
finishing plant schedule helps you complete 
your work faster. The time is coming soon 
when there will be smaller portable 
processors in the back of pickup trucks and 
vans, these processors will be transported 
with your reconnaissance gear to a site and 
will process and print your film as soon as a 
flight is completed. These processors are 
now available, but the interfaces with the 
gear need to be worked out. 


C. Large Print Availability 


With proper processing, very large prints can 
be produced from 35mm film. Highly 
detailed thirty-diameter enlargements have 
been made from both Kodak Technical Pan 
film and its Agfa equivalent. This amounts 
to a 30 x 45 inch print. The images in this 
enlargement are sharp enough that you can 
discern the difference between animal 
(horse and cow) and human footprints at 
400 feet altitude (Figure 1.7). Twenty- 
diameter prints have been made from 
Koaacolor Gold 200 and Kodachrome 200 
films via Kodak's Poster Print program; the 
prints made from Kodachrome film via this 
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program have an internegative made of the 


slide to maintain print quality equal to that of 


Kodacolor film. 


There are two ways to obtain large prints: 
one is to have them custom finished, the 
other is to do it in your own darkroom. The 
cost and the environment determine which 
of these methods is best for the situation. 
Prints of all sizes can be made. 


D. Specialized images and Prints 


Several types of image manipulation, such 
as posterization, can be accomplished by 
either using film or an electronic scanner 
(television camera). These image 


applications are highly specialized and can 
be accomplished by those with proper 
training. Seek help in this area if you need 
it 
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TV VIEWFINDER 


CHAPTER 20 


A viewfinder system consisting of a Sony 
HVM-302 camera with a small transmitter 
has been tested in the Telemaster aircraft. 
Our goal is for a resource specialist to 
indicate to the pilot when the aircraft is over 
the area that he wants to have 
photographed via a television monitor. An 
additional radio contro! channel to turn the 
television camera on and off saves battery 


drain by the television transmitter, which 
uses a different battery source than the rest 
of the aircraft. The addition of this unit will 
increase the total aircraft weight to sixteen 
pounds. Development is continuing on this 
system at a siow rate because of funding 
limitations. A number of problems remain 
yet to be solved 
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A. 60 Hz Problem 


Many television cameras are turned off 
when the aircraft engine runs at 7200 rpm; 
this is . harmonic equivalent to 60 hz, the 
normal f.equency for standard AC power in 
the United States. 


B. Antenna Problems 


The antenna used on the aircraft will work 
only directly overhead, because the power 
output permitted for unlicensed television is 





not strong enough to operate anywhere else. 
A lightweight antenna needs to be designed 
and tested for better performance. A 
receiver antenna tracking device also needs 
to be developed, and both of these items 
need to be cost efficient. 


C. Transmitter 
A better lightweight T.V. transmitter that will 


produce a more consistent output without 
draining the battery is also needed. 
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APPENDICES 


LALSR SAMPLES 


APPENDIX A 
The following additional photographs are included for interpretation 
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2 Heiser Archaeological Site 


























5 Pecos National Monument 
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6. Las Vegas LDS 

















7 Erosion Contro! Vandalism 
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FREQUENCY STATUS 


APPENDIX B 


As of January 1988, using old colored flag 
frequencies is no longer legal. Equipment 
on these frequencies will either have to be 
converted to a new numbered frequency or 
retired. 


Eleven new numbered channels are added 
on the lower part of the 72 MHz aircraft 
band: 14-34. To ensure that this spectrum 
stays clean, The Academy of Model 
Aeronautics (AMA) Frequency Committee 
has dictated that these new channels be 
reserved for narrow band transmitters 
ONLY. This means that transmitters must 
broadcast within certain specifications and 
not “splatter.” The frequency must not 
exceed +1500 Hz from the operating 
frequency, and the sidebands must be at 
least 55 decibels down at 20 KHz out. This 
new specification involves transmitters only, 
not receivers. 


The Frequency Committee of the AMA is 
planning to petition the FCC to change the 
law to solidify specifications, but that will 
take time. Until then, ali manufacturers and 
importers under the body of RCMA (R/C 
Manufacturers Association) have agreed to 
abide voluntarily by the mandate, and 
narrow band transmitters will be identified by 
a er 

“lower band” category, transmitters on 













ik iieaiiied A vk 


this channel 12 are required to be narrow 
banded. 


The situation in 1991 is still the same. We 
will implement all 80 of the channels 
(actually a few less), including the odd- 
numbered ones. This environment will 
require both narrow band transmitters and 
receivers. 


To eliminate confusion when adding the new 
lower band channels, a new frequency flag 
system has been implemented. Your local 
hobby dealer is the best source of 
information of this change. 


Summary of Usable Aircraft 
Frequencies 


27 MHz band: No anticipated changes. 

50 MHz band (Ham license required): 

Channels 00, 01, 02, 03, 04, 05, 06, 07, 
and 08 after 1991. 

53 MHz band (Ham license required) 

53.1, .2, .3, .4, 5, 6, .7, and 8. 

Lower 72 MHz band (aircraft only): 

Channels 12 - 34 (narrow band only). 

Upper 72 MHz band (aircraft only): Even 

channels only (38-56), with use of odd 
channels at local discretion. 
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STARTER CART 
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Many have asked about a starter cart and its use. in whatever form (cardboard box or very 
fancy), it should contain the at least the following if you are going to use a starter 


12 volt battery 1 starter 
1.5 volt battery 1 prop and glo-plug wrench 
1 galion fuel (5%) fuel pump or fuel bulb 


2 screwdrivers (regular and Phillips) 


Room for spar rod, rubber bands, and spare parts. 
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GLOSSARY 


APPENDIX D 


Aerodynamic drag. Drag caused by motion of the aircraft through the air 

Airfoil, The cross section, front to rear of a wing, the shape of which determines lift 
Anti-halation Backing on film to lower reflection within the film and make images sharper 
Aspect ratio. The ratio of the wingspan to its width 

Base stock. The material upon which film is coated, usually a clear plastic such as acetate 
Butterfly A model airplane kit available at most hobby stores and used for LALSR 









Cellotex. A soft flat insulating board material upon which model aircraft can be built (strawboard) 

Center of gravity and balance jigs A device to check the balance of an aircraft or part 

Clevis A small device used to connect contro! rods to contro! surfaces 

Coax cable An electrical cable shielded from electrical interference 

Colored flag frequencies An old outdated method of marking the frequencies used by radio contro! 
pilots: 

Contour 





. Contours are lines of equal elevation on a drawing or map. Plotting of these lines 

using pairs of vertical photographs is contour plotting 

Critical dampening length The directional length used to stop harmonic wave action in an object 

Dihedral angle The angie above horizontal of the wing of an aircraft 

Dihedral blocks Blocks of wood which are used to hold wings at the proper dinedral angle while gluing 
an aircraft wing 

Dikes. A peir of pliers with an edge for cutting wire. 

Dreme! Tool A small rotary electric hand tool used to cut and abrade material in order to shape and 
polish that material 

Dust devils Miniature tornado-like wind A small-scale heat macro-low common in the southwest and 

west deserts 

Engines and their sizes Model aircraft engines are available at most hobby stores They are fueled 
by alcohol and castor off Their size is measured in terms of their piston displacement. This 
measurement is in cubic inches. A smail engine is 0 15 and a large model engine 0 61 

Exposure value A photographic relationship between light level and film speed expressed in numbers 
and used to adjust automatic electronic cameras 

Film emutsions. The light sensitive coating on film it is described in terms of light sensitivity (speed). 




















and type (black and white. color negative. color transparency. etc ) 
Fusetage jig. A device to hold an aircraft fuselage in alignment during its construction 
An electrically heated plug used for starting a model aircraft engine 





Light phenomene caused by the sunlight reflecting off from and around particles in the 
atmosphere Haze usually degrades an image 
with obtaining imagery and data from the imagery 
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image-motion problem. Biur of an image due to motion of the aircraft during a photographic exposure 

interface angle. The angie at which two surfaces meet 

intervalometer. A device to automatically measure the time between exposures with a camera 

Large scale imagery See the first paragraph, Chapter 2, page 8 

Low-altitude, large-scale reconnaissance aircraft Remote controlled aircraft used to obtain 
photographic imagery 

Monocote (brand name). A mylar shrink coating used to cover mode! aircraft 

Operation envelopes. Limitations within which an aircraft operates 

Penta-priem. The optical device used in a single-iens reflex camera as a viewfinder. 

Pixel. The smallest defined piece of detail in an electronic image 

Planametric. Fiat measurement on a map or photograph 

Plotting. The marking, measuring, and annotating of a photograph or a map 

Power plant. See engines and their sizes in glossary above 

Power plant cyclic rate. The vibration rate of an internal combustion engine which also equals the 
revolutions per minute the propeller is turning 

Power-on stall. An aircraft stalling with full power on the engine 

Posterization A photographic process using the principle of density slicing to emphasize a particular 
part of the view 

Preplanned damage Damage to an aircraft which happens during landing because of limited landing 
conditions 


Radians A mathematical measurement of angles. 

Remote piloted vehicle An aircraft which is operated remotely by a pilot from the ground using radio 
transmitter 

Roll rate. The rate at which an aircraft rotates around its longitudinal axis 

Scale The ratio between image size and object size on a photograph, map, or drawing. 

Servo Servomotor A radio controlied device used to move the contro! surface s in an aircraft. 

Siant tank. A type of model aircraft fuel tank used for easy installation. 

Stereo pairs. Two photographs exposed so they overlap by at least 60% These photographs can be 
used to see in stereo (three dimensions) and to contour plot. 

Stringers. The length wise reinforcements which traverse the long length of an aircraft structure 

T-grain coating A type of film emulsion coating which produces a fine grain film 

Telemaster A model airplane kit available a hobby store and used for LALSR: 

Temperature inversion A climatic condition where temperature rises as elevation increases This 

condition traps dirt and particles at lower elevations and increases the haze 

Ultralight aircraft. Piloted aircraft which weigh under 256 pounds empty and carry less than five galions 





of fuel 
Uncontrolied mosaic. A series of photographs put together so their edges match, but they are not 
necessarily dimensionally correct. 


Unit balance factor See page 80. line 16, and ubf in the acronyms. 

Vibration control area. The camera compartment is the vibration control area. The space within the 
compartment is the soft area and the box which surrounds this space is rigid to transfer vibrations 
around and past the soft area 

Visual crossover. A condition of reauzing that the aircraft controls reverse to the visual when an aircraft 
travels towards a pilot as opposed to away from the pilot 

Zap A brand name for cyanoacrylate adhesive 
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35mm field of coverage, width, or short dimension 
focal length 


feet 









ACRONYMS 


APPENDIX E 


feature recognition unit--the smallest recognizable feature recorded on film 


geographic information system 
H. Del Foster, a stereo computer plotter manufacturer 


frequency (cycles per second) 





inches 


image size 
present film speed index used on most films 


image motion problem 









overlap time between the exposure of two photographs 
object size 








the reciprocal of the scale expressed as a number (1/Sc) 
slow-flying remote piloted vehicie 

shutter speed in seconds 

technical service representative (usually product related) 

unit balance factor. This number corrects for dimensions that are in 
different systems, i.e., focal length in millimeters with altitude in feet 
velocity measured in distance per unit of time 

voice operated switch 
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IMAGE MATHEMATICS, CHAPTER 12 IN 





METRICS 


APPENDIX G 


This is a repeat of Chapter 12 for those who 
are fortunate enough to deal in a total metric 
system including altitude As with chapter 12 
it is divided into sections dealing with 


overlap 


A. Motion 


The distance an aircraft moves during a 
camera exposure is the image motion (IMP) 
This is measured in millimeters and is 
derived by multiplying the velocity of the 
aircraft by the amount of time the shutter is 
open. if the velocity is in kilometers per 
hours. the shutter speed in seconds, and the 
result is desired in millimeters. then the it 
must be multiplied by 1000 Kilometers per 
meter, 1000 millimeters per meter. divided 
by 60 minutes per hour and 60 seconds per 
minute 


1000 x 1000/60 x 60 = 278 


The answer 278. is a unit balance factor 
(ubf) lt corrects for dimensions that are in 
different units of measurement, ie. focal 
length in millimeters and altitude in meters 
etc Therefore 


IMP =276 v Ss 
mm ubf Kph sec 


The blur (B) this motion (IMP) creates on the 
film in millimeters is 278 multiplied by the 
velocity in Kph, multiplied by the exposure 
time in seconds, multiplied by the focal 
length (Fl) of the camera lens in millimeters 
This number is then divided by the altitude 
(Alt) in meters, or 


Be 278 v Se Fi/An 
mm ubf Kph sec mm m 


B = 100 IMP Fi/ Alt 
mm mm mm/m 


Further, when this blur is measurable on the 
film (wiven flying below optimum altitude), it 
is possible to calculate the velocity of the 
aircraft if the flight line is pretargeted with a 
one-meter square target Use the short 
dimension of the target on the film to 
measure the altitude and the difference 
between the short and long dimensions on 
the target as the biur (B). Then 


v= 3.66 An/ Ss Fi 


Figure 121 represents the relationship 
between focal length (Fl), altitude (Alt). 
object size (Os), and image size (is) This 
clarifies the above equation if the object size 
is considered the IMP and the image size is 
considered as the biur 





Page 159 





Low Altitude Large Scale Reconnaissance 





With the camera focused at infinity, the 
diagram in Figure 12.1 indicates 


Ait / Os =Fi/\s 
or if dimensioned: 


Alt/Os = Fi/is 
mim mm / mm. 


The focal length of a camera lens is fixed, 
the object size can be measured on the 
ground, and the image size can be 
measured on the film, therefore, the flight 
altitude can be calculated. 


B. Scale 


Scale is the ratio between a photograph and 
its full-sized counterpart, or the image-to- 
object ratio. For example, if a one-meter 
ground target measures one millimeter on 
film, then the scale is 1.1000 Therefore: 





Sc = is / Os 


or if dimensioned: 
Sc = Is / 10u) Os 
mm ubf m. 


Optimum scale is achieved when the image 
motion (IMP) equals what the camera film 
system can record (resolution [Rs]) 


Sc = Rs / IMP 
mm mm. 





if the scale is the image-to-object ratio, then 


mathematically it is also the lens focal length 
(Fl) to altitude (Alt) ratio: 


Sc = Fl/ Rs. 






Some people prefer to use the scale 
reciprocal instead of the scale because it is 
a large number instead of a fraction. The 


scale reciprocal applies to Figure 12.2 which 
demonstrates how scale relates to image 


and object size. To use this equation, 


Altitude is needed for two purposes with 
LALSR. To determine the altitude to fly an 
aircraft for a specified scale: 


Alt = Fi Sr 
or if dimensioned: 


Att= Fi x Sr /1000 
m mm ubf. 


To determine the altitude to fly an aircraft for 
specific coverage: 


Alt = Fl Os /is 


where the object size is the coverage in feet 
and the image size is the film width in 
millimeters. 


To determine altitude from imagery with the 
use of a one-meter target: 


Ah =Fi/ is 
m mm mm. 


— 
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With a Butterfly and Ricoh's FF-7 series 
cameras with 35mm focal length lenses: 


Att = 35/\s 


and with a single lens reflex camera (SLR) 
with a 50mm focal length lens: 


Alt = 50 / Is. 
lf a different sized target is used: 
Alt = Fi Os/ Is. 
The ubf depends on what the object size is 


measured in (meters,seconds, millimeters 
hours, etc.). 


D. Coverage 


Coverage is the area, length, or width that is 
covered on the ground by an aerial 
photograph. It is a function of the camera 
lens focal length and the altitude of the 


ubf m mm. 


m ubfmmm m 





amount desired by most cartographers. 
With 35mm imagery and the direction the 
format is turned in the aircraft, the overlap is 
n the long direction of the film (Fel). For 
60% overlap, 0.6 Fcl of one photo must 
overlap 0.6 Fel of the next photo. This 
means that for 60% overlap, the distance the 


0.4 (36 Alt / Fl) 


* 


14.4 Alt / FI. 


For LALSR purposes it is perhaps better to 
calculate overlap in terms of seconds 


between exposures. It is difficult to measure 
visually the distance an aircraft has flown 
from the ground, but one can count or 
measure the time it takes to cover this 
distance if the aircraft velocity is known. 
This time (Ol) is obtained by dividing the 
distance between exposures by the aircraft 
velocity along the flight line: 


Ol = 51.85 Alt / (Fl) (v) 
sec ubf m mm Kph. 


if different percentages of overiap are 
needed, the equation changes to 


Ol = (1 - % overlap as a fraction) 3.6 Alt / 
(Fi) (v). 


For example, if we want 20 percent overiap, 
then we use 0.8 as the interval by which to 
multiply the remainder of the equation to get 
the proper time interval in seconds. Overlap 
was further discussed in the section on 


surveying and mission planning. 
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